histological evidence but carry it further, since it tells only that growth is taking place, but cannot provide means of measuring it. All three are subject to interpretation, but the study of madder specimens is the only one that provides direct ocular evidence of the amount of bone added at the two ends in a given time, and is the only source of evidence ?f the site and the amount of the contribution made to the total length of the limb bones by the growth of the epiphyses themselves.
Since all three sources of evidence are in general harmony with each other from the quantitative point of view, I think it may be said with some confidence that we are in possession of exact knowledge of the way in which limb bones grow in length. The Incidentally Payton has also recorded the observation in madder bones that the epiphyses themselves do not grow on their diaphysial surfaces, which remain red for long periods after the madder has been stopped; and that the contribution which the epiphyses make to the total length of the bone depends entirely on additions to their joint surfaces beneath the articular cartilage.* It is a common statement that the end of a long bone at which an epiphysis first appears and is the last to (Fig. 4) These facts are readily explained by absorption from the cerebral side and accretion on the outer, from a minimum at the middle of the suture to a maximum towards its two ends.
It is interesting to note that least change in the relation of the three zones appears to occur in the neighbourhood of the parietal foramina, where union first appears. Fig. 13 .
The position of the middle zone is shown diagrammatically, the denticulations being represented by clear circles, the sockets for the denticulations of the opposite side by black circles.
the suture is very oblique, the edge of the squamous creeps upwards over the parietal so that the extent of the bevelling of the parietal gradually increases.
More complicated changes occur in the relation of the parietal to the frontal bone in the coronal suture, and in the mutual relation of the bones in the pterion region. The coronal suture can be shown to alter its direction by movement backwards of the upper and forwards of the lower portion, where corresponding reverse overlaps develop. In the forward movement of the lower end of the anterior border of the parietal the squamous temporal also takes part; and the result of a continuation of this movement is illustrated by the common arrangement of an X-pterion in Acromegaly, a fact which Sir Arthur Keith pointed out to me (Fig. 15) The first step was the detailed observation of the sites of bone accretion in the mandibles of pigs prepared by the indirect madder method, and a preliminary recognition of the main sites of absorption (Figs. 16, 17 and 18 ). Now in addition to confirming older observations that accretion mainly occurs on the lateral aspect and obviously extends the posterior border backwards and the condyle upwards and backwards, I made the further observation that the principal site of increase in height of the body of the bone appeared to be the alveolar 378 FlG. i 8.?Photograph of medial aspect of the right half of the mandible of 3gf weeks' old madder-fed pig, to illustrate the sites of growth. The new bone grown during a non-madder period of 54 days (white as compared with the older red bone) appears lighter in the photograph. (Fig. 19) . 379 mandibles. The ages of the pigs were as follows: Newborn, 4f-weeks, nf weeks, 32f weeks, 92! weeks. The position of the fourth milk molars is indicated in the first two and of the permanent molars in the others, to show the upward and forward movement. About 2/5 nat. size. The forward growth is due to accretion on the anterior surface of the symphysial region, and its extent is determined by the obliquity of that region and by the fact that the alveolar margin grows obliquely upwards and forwards.
The backward growth is due to accretion on the posterior border extending from the condyle to the angle. Since the condyle is actively growing upwards and backwards, its oblique direction also contributes considerably to the total length of the bone, a contribution which diminishes with age, as the ramus becomes more vertical relative to the body. occurs exactly as in the case of the end of a long bone (Fig. 20) .
The main contribution to the depth of the body of the mandible is due to upward alveolar growth, with which is necessarily associated a continuous upward movement of the teeth, erupting and erupted alike, in the growing bone.
The necessary space for the erupting molars in front of the base of the coronoid process is obtained in three ways :? i. By the rising of the teeth in the growing alveolar border in relation to the backward sloping anterior border of the coronoid process.
ii. By an upward and forward growth movement of the teeth themselves in the bone, as evidenced by continuous reformation and adjustment of the walls of the alveolar cavities; iii. To a very minor degree (and not as formerly supposed principally) by absorption of the anterior margin of the coronoid process.
The coronoid process grows upwards and backwards by accretion at its tip. As it does so, and as the alveolar margin rises in relation to its base, the form of the anterior border of the ramus and coronoid (concavo-convex from below upwards) is maintained by appropriate absorption which proceeds progressively in that direction. The undoubted absorption of the anterior border of ramus and coronoid (formerly supposed to be so extensive as to determine a direct backward migration of the ramus and to be the sole means of provision of room for eruption of the molars) is thus seen to be a special example of the modelling process of John Hunter. As the ramus with the condyle and the coronoid process grows in height, it assumes a more vertical position relative to the body. As it does so the preangular notch maintains its position at a point where a tangent from the anterior border of the ramus reaches the lower border of mandible; it does so by travelling slowly backwards, being filled up by accretion in front and renewed by absorption behind.
The inferior dental (alveolar) foramen maintains its position at the "centre of rotation" of the mandible by growth of its anterior limiting edge, and thus travels upwards and backwards preceded by an area of absorption in the groove which leads to it.
Finally it may be noted that the observation As a corollary to that attitude to the hyperaemia doctrine of absorption, and in the matter of the osteoblast and osteoclast once more, the question I would like to put is this. In view of the obvious universal co-ordination of accretion and absorption in the growth of bones, ignorant though we be of its mechanism but with the knowledge that it is subject to autacoid control, Biology is an experimental science, and by experimental methods the facts must be discovered. To work at the facts in this way is the aim of all inquirers; but they recognise that the final interpretation of their results involves the study of far-reaching questions raised by philosophers."
Of no tissue is this practical and philosophical outlook more true than of bone. In this spirit I have endeavoured to gather the few facts I have presented in this lecture. Some of them may meanwhile furnish a hint or two for practical guidance, but it will doubtless be long before the time is ripe for the ultimate philosophical interpretation which was the goal to which Lorrain Smith looked in so much of his work.
